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A WGHT -STIGATION AND mwxsis cm m LATERAL .

OsmmYrIm cImAcmRI STICS OF AN A3RPUWE

By Carl J. stOU@ and William M. Kauffhan

Flighttestswere conductedand an analysismade to determinethe
causesof undesirabledynamicIateral+tabilitycharacteristicsof an
airplane. Vario~ ruddermodificationswere flighttestedwith the rudder
free and fixed overan indicatedairspeedrangefrom ap~oximatel.y200 to
450 milesper hour. Rudder4inge+ument and otherpertinentdatawere
obtainedby flightand wind-tunml tests.

The oscillationperiodand t- requiredto damp to one-halfampli–
tude masured in flightare compared.with calculatedcurvesin which these
chsracteristibsare givenas functionsof the importantrudderhinge-
momentparamters.

An analysisof the data showedthat therewere no significantchanges
in the basicrudder-fixedstabilityderivativestith indicatedairspeed,
and the ruddetiixed dampingcharacteristicswere predictablewith suffi-
cientaccuracyif the productif-inertia termswei’econsidered.

Freeingthe rudderbroughtabouta reductionin the dampingof the
oscillationat low speed;this is attributedto the low negativerate of s
changeof rudderhinge+om nt coefficientwith rudderdeflectionand a
negativerate of changeof rudderhinge+uoment coefficientwith angleof ,,.
sideslip. The furtherdeteriorationwith indicatedairspeedis attribu-
tableto the effectsof Wh nuuiberand ruddektab deflectionon these
h~nt p=~ters=

ImTmxJcTIm , .

A numberof militaryairplanesrecentlyhave efiibitedpo(m lateral- .
oscillationcharacteristicsin high-speedflight. The objectionable
motionsof the airplanein yaw usuallyare characterizedby constant+
amplitudeoscillationsor by poor dampingin conjunctionwith a short
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.
period. In an effcmtto detem the causesof thesephenomena,the
Ames AeronauticalLiboratcmyhas conducteda detail=dinvestigationof
the dynamic-lateral..tabilitycharacteristicsof an airplanefcm which
undesirableoscillatorybehaviorat high airspeedshad been repurted..

At the outsetof an investigationof this type therealwaysexists
the questionof whetherthe undesirabledampingcharacteristicsare due
to the basicstatic-stabilityderivatives(controlftied),the hinge-
momentpsrsmters of the controlsurfaces(ccmtrolfree),or random
separationphenomena. It was therefwe convenientto isolatethe effect
of rudderf%eeilomby detezndningftistthe dynaud=tability character-
isticswith the rudderfixed. Thesecharacteristics,which depend
primarilyon the cabination of basicairplanemass and stabilitypara-
meters, were then analyzedby means of the classicrudder-fixedlinearized
equationsof motion. The effectsof rudderfreedom,which are functions
primarilyof the ruddermass and hiqg?+nment derivatives,were determined
and then consideredas additionalfactms or increnmts whichmodify the
basicrudder-ftiedcharacteristics.

. SYMBOIS

The syuibolsused in this reportare definedin Appendix

DESCRIPTIONCIE’=LA1’E A14D~ATION

.

A.

The airplaneon which the testsdiscussedhereinwere conductedwas
a conventional.single+nginelow+ringattackairplane. A photographof
the airplaneas instrumentedfor flightand a threeview drawingsre pre-
sentedin figures1 ma 2, respectively.I?ertinentphysicalcharacteris-
tics of the airplaneare given in AppendtiB.

Duringthe teststhe followingrudderccmfigurationswere tested:

1. Originalrudder (fig.3)
2. Originalrudderwith trailing-edgebulb on trim tab as

used on productionVersim of tie airpb (fig:L)
3. Originalrudderwith upperh- balancearea removed

(fig.5)
k. Originalrudderwith deboosttab (trimtab connectedto

give deboostmotionof 1° of tab for 2° of rudder)

StandardNACA recordinginstrumentsWre used to recordthe various
quantitiespresentedin this report. The rudder-positionrecorder,which
was connecteddirectlyto”the bottomof the rudderstructure,permitted
e-niluationof the rudderangleto within *O.1°.

-,

.
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FlightTests ‘

b-

.

Flighttestswere made to determinethe lateral+scillationcharac-
teristicsof the airpke with the variousruddermodifications.The
testswere perfcmmd in the h,000-to 10,000-footpressure+ltituderange
in the power+m cleanconfigurationat %rious indicated,atispeedsfr~
approximately200 to 450 milesper hour. The testswere conductedwith
a normal center-of+yavitylocation-andwith no externalstcmesattached.

Priorto each tist run the airplanewas trimmed(zerocontrolforce) .
in steady,straight,wings-levelflight. The oscillationswere initiated
by releaseof the ruddercontrolwhile the airplanewas at a moderate
angle of sideslip. The instrumentswere startedjustbeforethe release
of the rudderand left on untilthe oscillationshad completelydampedor
untilapprmimate~ 6 cycleswere completed. For the rudder-freetest
the pilotkept his feet clear of the ruddercontrolsuntilcmpletion of
the run. For the rudde~loclmd test the pilotreleaseda lcekingpin
while in the steadysideslip,and the pin engagedand lockedthe rudder
when it passedthroughtrim position. This lockingmechanismis shownin
figure6. The ailerons,whetherreturnedto theirtrim positionandhelii
or left free to oscillate,had no noticeableeffecton the yawingmotion
of the airplane.

Tests in the Ams @by 8CLFOOtWhd TULEMl

Power-offtestswere made in the hes k~~y 8&foot wind tunnelon
the test airplaneto determtnethe rate of changeof rudderhtng~ment
coefficientwith rudderdeflection ~R underconditionssimilarto those

of the lateral+scillationflights. TEe testswere msde at an indicated
airspeedof 203 miles per hour at zeroyaw with variousruddertrim-tab
settings. Both the originalrudderand the originalrudderwith the.
trailgge bulb were investigated.These data are presentedin
figure7. Valuesof the rate of changeof @+mome nt coefficientwith
angle of sideslip ~ of -0.038per radianfor the originalrudderand

B
-0.045per radianfor the trailing+dgebulb modificationwere then
derivedfrom steady+ideslipdata obtainedIn fliglyt.

Tests in”theAmes 7-by l&Foot Wind Tunnel

A 0.17-scalepoweredmalel of the airplanewas testedin the Ames 7–
by l&foot wind tunnelNo. 2 to determinethe aerodynamiccharacteristics
of the model. The rudderused in thesetestswas similarto the original
rudderconfigurationof the test airplane,azceptthe ruddertabswere
not adjustable.

-...— . —...— .. . . . .. . . -..—..— —-——. . _...-
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The basicaerodynamicparameters
esthated by the methodsof reference

c~m . . . ...4.43
. P

.C2 . . . . . . . 0.03
r

C2P . . . . . . . -0.08

cY””. ”””” -o”~
P
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o%tainedfrom thesetestsand those “
1 are as follows:

c%””
c..
%

c%”’

RESUEIY3AIWODISCUSSION

Figure8 presentstypicaltime historiesof
yawingvelocitiesaftera disturbancein yaw for

. . . . . -0.00’-(

. . . . . 0.132

. . . . . -0.160

the ruddermotionand
variousrudder-control

“

proce&res. This figureshowsthat a rudde~free conditionexistedeven
thoughthe pilotattemptedto hold the plals ftied. The movementof the
rudderwith pedalsfixed,thoughsmallin magnitude(appradmately * 0.3°
maximum),had an hportenh influenceon the dampingcharacteristicsof the ●

a&@ane. The resnltsobtainedwith this p?xxedurewere inconsistent,
and are not readilysusceptibleto analysisby dynamic-stabilitytheary.
For ths ftrst@ase of the investigation,this procedurethereforewas
discardedh favor of the one in which the rudderwas definitelyfixedby
mmus of the rudderl~k. The characteristicswith the rudder-freeprc-
cedureare consideredas the secondphase of the investigation.

-.

Ruddefltmd Characteristics
,

. .

The resultsof the ruddez=fixedoscillationflighttestssre summar-
ized h figure9, in which period l?, time to damp to on+half amplltude
T> and cyclesto damp to On&half amplitude C* are plottedas a

b
f2mctionof indicatedatispeed. Plottedon this samefigurefor the
purposeof comparisonare the computedvalues= of the threeparametersat

.

‘Inmost theoreticalinvestigations,the effectof the product-of-inertia -
termsresultingfrom the inclinationof the principallongitudinalaxis
of the airplanehas been considmed small. Howev6r,Sternfieldrecently ‘
has shownin reference2 that neglectof thesetermscan lead to con-
siderableerrorin the predictionof the oscillatorydivergencyboun-
dariesfor modernairplanes. Computationsfor the test a~lane based
on the equationsof reference3, which includethe effectof the
prcXluct-of-ine@iaterms,give the value,of0.75for CA shownin

figure.9. A valub of 0.67’was calculatedby the method20freferencb4
whichneglectstheseterms. Inclusionof the product-of-inertiaterms
had negligibleeffecton the computedperiodfor the test airplane.

.- . —.—-—- —---- .—-= ..-.
$. ”---—
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. . an airspeedof 210 miles per hour and an adrapolationof thesecharactcx+
isticsto high= speedsbased m the assumptionof a constantvalue of the
stabilityderivativesthroughoutthe speedmnge.

In visw of the deteriorationin dampingat higherspeeds,observed
with rudderfree (tobe discussedlater),it was consideredpossiblethat
theremight be a significantWch nunibereffecton the stabilityderiva-
tives. The fact that this is nc: so overthe I&oh nuuiberrange of the
flighttestswith regardto any of the stabilityderivativeswhich affect
the rudder-lockedoscillationis shownby the comparisonof the variatim
of the experimentaland theoreticalcharacteristicswith airspeedin
figure9. The inversevariationof 1? and TA with speed.and.the con-

stantvalue of C& shownin this figureis in2accordanc6with the control-
2

lockedstability,equationsfor”a constantvalue of the stabilityderiva–
tives. The correspondencebetwermthe experimentaland predictedoscilla-
tion characteristicsoverthe range of Lhe tests iE considmed to be
withinthe experimentalaccuracy,an indicationthat the assumptionof a
constantvalueof the stabilityderivativesoverthe Mach nuniberrange
was a soundone and that thereare no unaccountedfactorsaffectingthe
oscill.ationcharacteristicswith rudderfixed. lhmm this it is concluded
that the poor damp~ characteristicsof the testairplanearisefrom the
rudderhinge-momentcharacteristics. .

RuddeK&ee Characteristics

Duringthe rudder-freeflighttests,threetypesof yawingosci~
tionswere encountered.These oscillationshave been termedcompletely
damped,incompletelydamped,and increasingamplitude. Typicalyaw@–

velocityrecordsof thesetypesare presentedin figure10. The d.amp~
chsraoteristicsderivedfrom recordsof this type for the varibusrudder
modificationsare summarized in figureIl. I

4

In orderto comparethe experimentalresultswith thosep?edicted
from the valuesof the rudderhinge~ n% paramters producedby the
vtiiousruddermodifications,the variationof the dampingc=aoteristics
of the test airplanefor a range of vahms of Ch and

%
has been

P
computedby the basicmethodof reference4.2 Figure12 showsthe boun-
dariesf= the varioustypes of lateraloscillationand figure13 shows
the variationof the periodand cyclesto damp to me—half amplitudecom-
putedby thisnmthod.

2The computationswere made by the simplifiedmethtiof reference5, as
outlinedin AppendixC, whichmakes practicalthe considerationof the
effectsof productif-inertiaterms.

. . . . . ..—..- ..— —_,-— -- —— —---— .—-— --— - -—-—— —--- - -.
. .



6 NACA TN 2195 .

The valuesof C and Ch
45

at a speedof 203 miles per hour were

1!availablefrom the 4L by 80-foo wind-tunnel tests and the flight tests
for the original ruddereI@ for the originalrudderwith a trail~dge
bulb. Applicationof these’data at the tab settingused in flightfor
the wings level,trinmmdcondition(2.2°Id% fcr the originalrudderand
0.8° left for the originalrudderwith trailing-edgebulb) resultsin the
followingcomparisonbetweenthe predictedand measuredoscillation
characteristics.

.

FlightTests

Rudder
configuration ,

R3ricd cyclesto
(see) one—half

amplitude

original
rudder

2.13 l.~

I m%i~age
bulb modification

II
2.30 1.15

Predictedfrom
~cale Ch
data I
Feriod

II

cyclesto
(see) om—hdf

amplitude

1.95
I

1.35
I

EEJ
In the case of the aiginal tider with trail~dge bulb,the comparison .

s

b.

betweenthe computedand measureddampingis good. The likelyreasonfor
the less satisfactcmyagreementin the case of the criginalruikleris evi-
aen% fio)nfigure13,which showsthatwith We _ value Of Ch existent
on the originalrudder,a smallinaccuracyin the evaluationof b C

%
or Ch would causeappreciablechangesin ths cyclesto damp to one-

$
half emplitude. Anothersourceof errornot evitlentfrcm this figure

I is inaccuracyin the evaluationof the rudderdampingparameters C
%6”

This term,which is relativelyunimportantwheriCha is high, increases
in hqmrtance at the lowervaluesof C

%5
and can significantlyaffect

the locationof the knee of the curvesof figure13(k). It can be cor&
cludeafmm the foregoingthat the l.ateraLoscillationchemcteristics
can be satisfaotorilypredictedby availablemethods,proviaedthe ccuu-
binationof hinge+uomnt Paramters is not suchas to put the airplanein
the knee cm beyondthe bee of the curvesof figure13(a).

‘The value“of
%

of A.154 used in this investigationwas obtained
“

.. _~ ‘ --- ---- ----- -— . .....
fromrefer&ce 6. -,

.

-. . ..-—.. .-c
----— . . . . . . . . . . . .
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The importantinfluenceof tab settingis evidentfrom figure7. .
The Changein

%
between *k” tab setthg is sufficientto increase

the cyclesto damp to onAklf amplitudeas much as 50 percenton the
originalrudderand 10 @rcent on the rudderwith the trailing-edgebulb
as shownin figure13(a). This effectwas exemplifiedin flight,as
indicatedby the curvesin figure11. Above kOO miles per hour,the _
ing characteristicsare considerablyinferiorfcm the o-f-trim tab
setting,in cmparison with the characteristicsfor tlm &trim tab setting.
It is evidentthat a conservativedesignmust allowa reasonablemarginfor
these changesin

%
due to tab setting,if undesirabledampingcharac-

teristicsare to be ;voided.

No quantitativedatawere availableon C
%

@ Ch with the “

deboosttab or the hcwwremoved modifications.However,!?tis lmownthat
the formr modificationwill increase Ch negativelyand the latterwill

8
increase Chs positivelyand C& negatively.Both thesechangesare

such as to m% the ‘ruddercharacteristicsintothe betterdampingrange.
Figure11-showsthat the flightresultsare in confcmmitywith this trend. “
The deboosttab modificationis of specialinterest,sinceit furnishesan
eXpOdientby which a 3?Udderwhichhas an undesirable @ ~ ch~ c- ‘

bination,insofaras dampingis concerned,can readilybe adjusted”formore
favorablecharacteristics.

On all of the ruddermodificationstested,exceptwith the up~r horn
modification,there is observeda gradualdeteriorateion of the dampingof
the airplanewith speed. As previouslymentioned,the rudder-fixed.tests
showthat this deteriorationis not traceable-to any control-fixedstability
parameters. It can be inferred,therefore,that the effectis due to a

c- h %8 - %P ‘ith ‘Ch ‘-r” ‘0 ‘-ermnM ‘its m
availableto verifythis inferencecm the rudderused on the test airplene, I
but this trend.has been observedin high Mach numbertests of othercon-
trol surfaces. In particular,if the trailiq+dge angle is large,it
CaU be anticipatedthat Chb w~ hcrease positi~ly ~ ch~ win

increasenegativelywith =h numter,a trendwhich figure13 “&ws will
move the rudderintothe decreased&mp@ range. Sounddesignpraotice,
therefore,callsfor an allowancefor changesof this type in selecting
the low-speedparametersby methodsof references4 and 5.

coIm.luDm REMARKS

The currenttrend of airplanedesignwhich leadsto intentionalselec-
tion of a low rate of changeof rudderhingeamment coefficientwith rudder
deflection C& and a negativerate of changeof rudderhinge+nament

..- —. ..-., ..—. .—---. ——— .—— ..— —— . ..—7 .— - —.— ..-— .—. —.. —__. . .—.. -— -----

.
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coefficientwith angle of sideslip Ch is suchas to tiviteincreasing
P

amplitudeor poorlydampedoscillatio~. It iS theref- iqortsnt that
the dampingcharacteristicsbe checkedby the msthotiof Greenbergand ~
Sternfieldor, if product-of-inertiaterm sre found.to be important~ by
the methodsof Neumrk. .Allowancesshouldbe made for the effectof tab
deflectim and Mach nuder on the hsoment parameters.

Am3s AeronauticalLaboratay=
NationalAdvisoryCommitteefor Aeronautics,

MoffettField,Cal-if.,Dec. 19, 1947.

.
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AJ?PEWDIXA

EmlBoIs .

“

L

s

v

vi

b

br

m

%!?

%

kr

P

T1
z

c1
F

t

A,B,C$
E,F

f,h

.- . . ..

wing area, i3quare feet

free-stream alrqeed., feet per second

indicatedti6peed, nlles per hour

wing span,feet

span of rudder,feet

mass of the ahplane, slugs

mass of the rudder,slugs

radiusof gyrationof airplaneaboutvertical(Z)
axis,feet

radiusof gyrationof rudderabouthingeaxis, feet

periodof oscillations,seconds
.

time requ,hedfor motionsto decreaseto on~lf
amplitude,seconds

cyclesrequiredfor @ions to decreaseto ondlalf
amplitude

time, seconds -

coefficientsof the rudder-freelateral~tability
,eqyatim

coefficientof the ruddekftied quadraticfactor
A2+fh+h for which the roots correspondto the
apparentlateraloscillation

root of the stabilitydeterminant

~twA~~i~ of CORrp~xrOOt of the stability

real portionof the complexroot of the stability
determinant

.

. . ..... - -— .— -—-— .- ------- .----,. .-’---------—--- -----——.-— —--.-— --—.—- —- -—
.. . .
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-c Press-, PO* per square foot
()

1~5P

maas density of ah, slugs per cubicfoot

airplanerelative-densityfactor (m/pSb)

rudderrelative~ensity-factor (~/pb&2)

mean aerodynamicchord of rudder,feet

angle of sideslip,radians

rudderdeflection,radians .

yam ~ ~locitY, radi- Pr secmd

iateral-force’cw%ficient (lateralforce/qS)

ya~nt coefficient(yawing-nt/qSb )

rollinn-mommtcoefficient(rollingmoment/qSb)

hinge=momentccd?ficient(hinge

rate of changeof ya~nt
of t3idef31ip(&n/~J3)

rate of changeof lderal-force
of sideslip(~~~)

moment/q~Zr2)

cmufficientw~th angle

ccdficient with angle

rate of changeof ro,~ng+mment coefficientwith’yawing

angular-wlocityfactor
[
W@(rb/2V) 1

rate of changeof rolli~ nt coefficientwith rolling

mgular=velwity factor
[
&Z/b(pb/2V)1

rate of c
3

of roll-cment cc9fficientwith angle of
sideslip ( @P)

rate of chapgeof yawing-mmentcoefficientwith yawing

=@L=-=lmity factor [
&#(rb/2V) 1

rate ofchange of wing~
r)

nt coefficientwith rudder
deflection(&n b

rate of changeof rudderhi nt coefficientwith
EQ@S Of si&%SliP(~hfipr

.

“

—. _____. .-. . ., ---- -—-- —...—. - ..-7. - .
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“

Chr rate of changeof rudder~ ‘ nt coefficientwith

yawingangukr-velocitjfactor
[
&h/?@/2V) 1

Chb rate of changeof rudderlxtnge—mumnt c~ff icientwith
rudderdeflection(bCh/bb) “

Ch
D5

rate gf changeof rudderhinge—mmmnt cmff icientwith

-der ~=locitY f~tor {&h~ [-]}

APPENDIXB

PHYSICAL

General

CHARACTERISTICS(W THE TESTKEIPIAl@

Test grossweight . . . .
Momentof inertiain yaw
aboutprintipalaxis . .

Momentof inertiain roll.
aboutprintipalaxis . .

Anglebetweenreference
axis and principalaxis,

.

.

.

.

.

.

positive when referenceaxis
aboveprintipalaxis at nose

. .

. .

. .

is
. .

Distance-from &@ane centerof
gravity(0.25M.A.C.) to rudder
hinge line . . . . . . . . . . .

wing

Area . . . . . . . . . . . . . . .
m = = = . = . .==......
AspOctratio . . . . . . . . . . .
Taperratio . . . . . . . . . . .
Meanaerodynamicchwd . . . . . .
Dihedral. . . . . . . . . . . . .
Incidence(root-chordstaticm30)
Geomtric twist.... ● . . .

Root section. . . . . . . . . . .
Tip section . . . . . . . . . . .

Verticaltail “

Area . . . . . . . . . . . . . . .
W=*==9=***=*=**.

. .

.

.

.

.

.

.

.

.

.

.

.

.
●

✎

●

9

.

.

.

.

.
●

●

✎

✎

✎

☛

✎

✎

✎

✎

✎

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

9

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

●

✎

✎

✎

✎

.

.

●

✎

✎

✎

✎

.

.

.

.

●

✎

✎

. .

.’

.

.

.

.

.

.

.

●

9

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

● ☛✎

✎ ✎ ✎

✎ ✎ ✎

✎ ✎ ✎

IL

.

. . . 13,000 lb

. 36,340

. 13,980

slug+%=

Slug-ftz

. . . . . . 2.4°

. . . . . 23.0 ft

. . . . 400 Sq N

. . . . 50.0 ft

. .. . . . . 6.25

. . . . . . 0.503

. . . . . 8.3:$ ~

. . . . . . .

. . . . . . 399P

. . . . . . 4-~o
IWiCA2417 (station30)
NACA 4-413(station300)

. . . . . . 35.01 Sq ft

. ...*. . 7.67 ft

-.. —.. — ..—---- -. —.. ——— —-— -—— --- .—— —-— - —.——- —. . __ _.
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. ...0. ..m. m 1.68

. . . . . . .. 000 0.549
4.78 f-t

‘3106&L”s;aiik”45 to tip
NACA 0013.44-64modifiedto

12

$
.

.

●

.

.

Aspectratio . . . . .
Taperratio . . . . .
Mean aerodynamicchcmd

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
#

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

✎

.

.

.

.

.

.

.

●

✎

.

.

.
●

✎

✎

✎

✎

✎

.

.

.

.
●

●

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

Offset . . . . .
Root section . .

Tip section . .

Rudder

Area aft of hinge
-======

..*

.90

. . .

12-percentthiclmess
modifiedto 10.7h
percentthickness

.

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

✎

✎

9

.

.

.

18.99 Sq ft
. . 9.67ft
. . 2.08 ft

line
. . .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
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Mean aerodynamicchmd
Chordaft of hinge line,percent .

. . . . . 40fixed surface;hord -. . . . .
Totalbalancearea
Originalrudder . . . . . . . .
Originalrudderwith the upper

. 4.& aq ft

. 3.79 Sq,ft
fabricsealed

horn removed . . . . . .
Nosegay. . . . . . . . . .
Contouraft of hinge line . .
Travel . . . . . . . . . . .
Wluded trailing-edgeangle

●

✎

✎

✎

✎

✎

✎

.

.

.

.

.

.

.

straight
(appr&&tely) * 250
.9 . . . . .-w

130 .
.

Tabs

wim
Areaaftoflx@31_ .
-==.=..-====
Chord,percentof cmtrol
Travel . . . . . . . . .
Balanceratio (tabthrow
per surfacethrow)
Originalrudder . . .
Deboostmodification

mm
Area aft of hinge line .
-........==

. ..* 1.91 Sq ft

. . . . . - 4.08 ft
6.98

ta~~o&&;eiy) *1O

*
.
chord
.

.
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.

.

.
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✎
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2.59 ft

7.01
(appradmateiy)%15°

Chord,percentof controlchard
Travel . . . . . . . . . . .

SW@ cons-t, rudder
hingemo.umntper tab s@.@

.

.

.

.

—

. . . . 5.78 ft-lb
per degree

. . . 2.27 sl~-ft=

. . . . . 1.2 ffilb

.

Moment of inertiaof the rudder
systemabouthinge line . . .

Ru&ierfrictionalhingemoment

,

— ---- –—--—- -. .. . .
. . .
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Engine

Type . . . . . . ...’... . . . ..c. .o=*9wrMt ~335~
Propellergesrratio.... . . . . . . . ...=.=..= 0.4375
Normalhorsepowerratings
Sea level . . . . . . . . = . :........ 2100hp at 2400~
3800feet . . . . . . . . . . . - . . ● . . . . ~OOhpat2@Orp

● Propeller
.

Type . . . . . . . . . . . . . . . . . . . . . . . C&tiss Electric
Numberofbkdes . . . . . . . . . . . . . . . . = . . . . . . four
Diameter . . . . . . . . . . . . . . . . . . . . . . ● . 13ftoin.
Blade design . . . . . . . . . . . . . . . . . . . . . x836-1kc2-~1

cuffsremoved

AImNDIx c

CAICUIXT~ONMECHODS “
.

The methodemployedin the presentinvestigationfor predictingthe
rudder-freedynamiclateralstabilityof the a~lane was takenfrom
reference5. It ties use of the coefficientsof the rudder-lockedquad-
ratic factor k2+fA+h, for which the rootscorrespondto the motionwhich
is readilyapparentto the pilot. The substanceof this procedureis the
neglectingof the effectof CYB on rudder~otiontermsduringthe deter—

minant expansionp6cess while
Applicationof this procedure,
consideringrolling,yieldsan

&4 + B??

where

&e@tn.ing ~ effectson otherterms.
usingrudder-fixedcoefficientsand not
equationof the form:

+CA2+EX+F=0 (1) I

.. .. . . . . . . . ... . ... . . . . —— --—- ..- --- —-----. ------- --. ,-—--- .— —--- /—-.—- -—-. —------- ----
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,,

The roots of equation
tionsare of the form h =
ing equationsto determine
tude:

()()wh~ ~ 2

–q--- G .

(1)which define
at + ib~. These

the apparentlateraloscilla-
rootsare used in the foJ.low-

the periodand tim to damp to one-half’,ampli-

2fibl?=––b? V (2) ,

–loge 0.5
T& = at
2 (3)

● The relationshipbetuaen %5 “and ~ which definesthe boundary .
B

for divergenceis obtained
of increasingamplitudeis

R=

by setting F = o and that for oscillations
foundby settingRouth~sdiscriminant A

BCE-&-~2=0

‘I’heincompletedampingboiucdary,which defhes a
daq@ and increasin&amp13.tudeoscillationsin which
oscillationsoccur,is the envelopeof the boundaries

‘Sciuti- ‘m -iow ‘iWs 0’ cb~”

regim between
coiktan~litude ,
for increasing

The coefficientsf and h of the rudder-lcnlmdquadraticfactor,

I which are used in the presentinvestigation,were obtainedfrom the rudder-
ldced flight-testdata presentedin figure9. By the use of the quadratic
formula,equations(2)and (3)can be transformedfca-the ruader-locld
case to the farm

2 10ge 0.5 b
f =

T1 .T
z

(4)

. (5)

Valuesof TY 2, and V from figure9 can then he substitutedin

equations(4)and (5)to evaluate f and h. Rudder-1ockedoscillation

.

“

..- -- .—-.
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flight-testdata usuallyare not available”foruse in the predicticmof
rudder-freecharacteristics.In that case, a: and b~ (andhence f
andmh) ccn be evaluatedfromwind-t-l data w otherinformationby a
method suchas that givenin reference3, in which the effectsof rolUng
and the productof inertiadue to the inclination‘betweenthe wind.sxis
and the principalaxis are considered.

.

. .

.

,

I

. —-. . --- -—- - ---— --- —-.,--- -—— .-— -------- .-..—.— .——--- —-—- —
,.
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$fiE,
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.

(a)Top view.

..
:.:,

i

(b’)End view.I

Figure4.- Ruddertrim tab with the trail~dge bulb attaohed.

.
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(a)Closeup.
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Figure5.– Vertical
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(a)Three-quarterrear view. .

,

.

I

. . . . . .._—

(b) Rear view. , ‘

Fimre 6.– Mschanismfor lockingthe rudder.
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.-04

’08,

-/2.

.-/6

Rudder angle2.50 left
Yow 00

J+dicafed airspeed 203 mph

t? 4 0 4 8

Left Riijvw

Eudder tub mqk, deg V

figure Z - VAviatlon of Ck wi7% Wdder t#b

ungvi? os maw..>d in Me 40-by 80- foot
wind +wmd.

.

.

.

.
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~
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.

figure

.

Liywimentd

Theoretical - bused /ow-+oeed
.

1

I

200 240 280 320 S80 400 440

9.-

speed,

hdcded Qipspeed, m p h

bbiath? of period und dQn7phg wifh Qir-
rudder locked’-
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